Abstract: Helichrysum (family Asteraceae) is a large, heterogeneous and polyphyletic genus. Most of the Helichrysum species have ornamental and medicinal values. Helicrysum leucocephalum Boiss., has wide geographical distribution in Iran and forms several local populations. The present investigation was performed to study inter populations , genetic, cytogenetic and morphological diversity of this medicinal species. The AMOVA test showed significant genetic difference among the studied populations but the Mantel test did not show correlation between the genetic distance and geographical distance of these populations. STRUCTURE and reticulation analyses showed some degree of genetic admixture and gene exchange among the studied populations. These populations had different chromosome numbers and also differed significantly in the size of their chromosomes.
Introduction
The genus Helichrysum Mill., (Gnaphalieae) of the family Asteraceae contains 500 to 600 species that are annuals, herbaceous perennials or shrubs ). Helichrysum is a heterogeneous and polyphyletic genus is not yet taxonomically resolved (Hilllard 1983) .
The Helichrysum species have homogamous or heterogamous capitula with hermaphrodite florets that outnumber the female florets. The phyllaries of the florets have a fenestrated stereome with a flat, generally smooth or toothed receptacle. Similarly, the cypselae are glabrous or covered with duplex or twin hairs. The pappus is free at the base and is monomorphic. It usually has uniseriate with scabrid to plumose bristles (Mesfin & Reilly 1995) .
Several Helicrysum species have ornamental and medicinal values. For example, essential oils were obtained from Helichrysum italicum (synonym H. angustifolium), H. leucocephalum and H. artemisioides (Javidnia et al. 2009 ). Similalrly, flavonoids with antioxidant and antibacterial activity were obtained from H. compactum (Süzeg et al. 2005) , and H. italicum (Facino et al. 1990) .
Helichrysum (H. italicum) is known for its restorative properties and provides excellent support to the skin, liver, and nervous system. It is also recommended for abdominal or stomach cramps, irritable bowel syndrome, bronchitis, colds, coughs, gallbladder infections, menstrual cramps, and sinus infections. The flavonoids in H. pamphylicum inhibit mammalian type I DNA topoisomerase (Topcu et al. 2008) .
The previous molecular studies performed in the genus Helichrysum, considered the species phylogeny (e.g., Galbany-Casals et al. 2004) , the populations , genetic diversity (e.g., Galbany-Casals et al. 2011; Sabetta et al. 2006; Smissen et al. 2006) , and the occurrence of interspecific hybrids (Galbany-Casals et al. 2001 .
Plant species that grow in different environmental conditions may differ in their genetic, morphological and chemical properties due to the local adaptations (Sheidai et al. 2012 (Sheidai et al. , 2013 . Helicrysum leucocephalum Boiss., is a medicinal plant species that grow in different geographical regions of Iran and forms several local populations. Therefore, the present study was performed to identify the populations' genetic and morphological diversity.
Material and methods

Plant materials
Extensive field visits and collections were undertaken during 2010-2012 throughout the country and several geographical populations were identified for Helicrysum species including H. leucocephalum Boiss. Sixty-tree plant specimens were randomly collected from 5 geographical populations of Mehriz (Yazd province), Abadeh-Tashk, Arsanjan, Roniz and Neyriz (all from Fars province, Table 1 ). We used five randomely collected plant specimens for morphological studies. The fresh leaves were collected from 63 plant specimens and used for DNA extraction. The voucher specimens were deposited in herbarium of Shahid Beheshti University (HSBU).
Morphometry
Morphological characters such as the gemma length and width, the basal leaf width, the stem leaf width, the length and width of the upper leaves, the length and width of synflorescence, the length and width of receptacle, the width of involucre, phyllary number, the corolla length, pappus number, number of flowers, form of the involucre, gemma status and indumentum of the basal leaves were used in the analysis. These characters were coded as binary or multistate characters.
Cytology
Freshly grown root tips were used for cytological study. These root tips were collected from at least ten randomly selected plants in each species. The roots were pretreated with 2 mM 8-hydroxyquinolin (2-2.5 h) and fixed in ethanolacetic acid (3:1 v/v) for 24 h. The fixed tips were then washed thoroughly in distilled water, and macerated in 60
• C 1 N HCl for about 5 min. They were finally squashed in 2% aqueous aceto-orcein stain solution. The somatic chromosome number and karyotype details were studied in at least 5 well-prepared metaphase plates. The chromosomes were photographed by digital camera and measured by Image Tools3 software (Sheidai & Alijanpoor 2011) .
ISSR assay DNA was extracted from the fresh leaves that were randomly collected from 10 plants in each population and dried in silica gel powder. The genomic DNA was extracted using CTAB-activated charcoal protocol (Križman et al. 2006 ). The extraction procedure was based on activated charcoal and Polyvenyl Pyrrolidone (PVP) for binding of polyphenolics during extraction and on mild extraction and precipitation conditions. This promoted high-molecular weight DNA isolation without interfering contaminants. Quality of extracted DNA was examined by running on 0.8% agarose gel.
Ten ISSR primers; UBC 807, UBC 810, UBC 811, UBC 834, CAG(GA)7, (CA)7AC, (CA)7AT, (CA)7GT (GA)9A and (GA)9T commercialized by UBC (the University of British Columbia) were used. PCR reactions were performed in a 25 µL volume containing 10 mM Tris-HCl buffer at pH 8; 50 mM KCl; 1.5 mM MgCl2; 0.2 mM of each dNTP (Bioron, Germany); 0.2 µM of a single primer; 20 ng genomic DNA and 3 U of Taq DNA polymerase (Bioron, Germany). Amplification reactions were performed in Techne • C. The amplification products were visualized by running on 2% agarose gel, followed by ethidium bromide staining. The fragments size was estimated by using a 100 bp molecular size ladder (Fermentas, Germany). The experiment was replicated 3 times and constant ISSR bands were used for further analyses.
Data analyses
The quantitative morphological characters were divided in to discrete groups and along with qualitative characters were coded as binary or multistate characters (details of characters' coding may be obtained from the authors).
UPGMA (Unweighted Paired Group using Average mean) and Ward clustering methods with 100 times bootstrapping as well as principal components analysis (PCA), principal coordinate analysis (PCoA) and multidimensional scaling (MDS) were performed to group the plants specimens based on morphological characters. The Euclidean distance and Gower distance were used for clustering methods. Cophenetic correlation was determined to check the fit of dendrograms to the original distance matrix (Podani 2000) . Data analyses were performed by using PAST ver. 2.17 (Hamer et al. 2012) .
The ISSR bands obtained were treated as binary characters and coded accordingly (presence = 1, absence = 0). Genetic diversity parameters were determined in each population. These parameters were percentage of allelic polymorphism, allele diversity (Weising 2005 ), Nei's gene diversity (H), Shannon information index (I) (Weising 2005 , Freeland et al. 2011 , number of effective alleles and percentage of polymorphism. The genetic divergence of the studied populations was checked by principal coordinate analysis provided and after 999 permutations.
Model-based clustering as performed by STRUCTURE software ver. 2.3 (Pritchard et al. 2000) , was carried out to group the studied populations based on genetic affinity. This program was also used to reveal the genetic admixture of the studied populations. For this analysis, the admixture ancestry model under the correlated allele frequency model was used. The Markov chain Monte Carlo simulation was run 20 times for each value of K (2-5) for 20 iterations after a burn-in period of 10 5 . All other parameters were set at their default values. Data were scored as dominant markers and analysis followed the method suggested by Falush et al. (2007) . STRUCTURE Harvester web site (Earl & von Holdt 2012) was used to visualize the STRUCTURE results and also to perform Evanno method to identify the proper number of K (Evanno et al. 2005) . The choice of the most likely number of clusters (K) was carried out comparing log probabilities of data [Pr (X|K)] for each value of K (Pritchard et al. 2000) , as well as by calculating an ad hoc statistic ∆K based on the rate of change in the log probability of data between successive K values, as described by Evanno et al. (2005) .
AMOVA (Analysis of molecular variance) test (with 1000 permutations) as performed in GenAlex 6.4 (Peakall & Smouse 2006) , was used to show the molecular difference among the studied geographical populations. The Mantel test (Podani 2000) was performed to study association between molecular distance and geographical distance of the studied populations. Reticulation analysis was performed by DARwin ver. 5 (2012), which infers the reticulogram from a distance matrix. For reticulation, we first built a supporting phylogenetic tree using Neighbor Joining (NJ), Followed by a reticulation branch that minimizes the least-squares at each step of the algorithm (Legendre & Makarenkov 2002; Makarenkov & Lapointe 2004) .
Results and discussion
Morphometry UPGMA and Ward clustering methods produced similar results. Therefore, only UPGMA tree is presented and discussed here (Fig. 1) . We obtained cophenetic correlation r = 0.87 for this tree. In general, two major clusters were formed in UPGMA tree with 100% bootstrap value. Mehriz and Abadeh-Tashk populations showed morphological similarity and were placed in the first major cluster, while Arsanjan, Neyriz and Roniz populations formed the second major cluster.
PCA and PCoA plots obtained also produced similar results. Therefore, only PCA plot is presented and discussed here (Fig. 2) . This plot supported the grouping made by UPGMA tree and also revealed some degree of intra-population morphological variability. For example, one of the plant specimens collected from Mehriz population was placed close to the plant specimens collected from Abadeh-Tashk population. Similarly, the plant specimens collected from Arsanjan and Neyriz populations were intermixed with each other.
The plant specimens collected from Roniz population, were placed far from the other studied populations and formed a separate group. Therefore, combination of UPGMA and PCA plot, not only indicated a high degree of morphological divergence among the studied populations, but also showed some degree of intra-population morphological variability.
PCA analysis showed that, the first 3 components comprised about 60% of total variation. The first component with about 23% of total variance separated Mehriz and Abadeh-Tashk populations from the other studied populations. The second component with about 12% of the total variance separated Arsanjan and Neyriz populations from the other studied populations.
PCA biplot (figure not given) and the PCA loadings were obtained to identify the most important morphological characters differentiating the studied populations. The results showed that morphological characters like the length and width of receptacle, the flower number and the length of synflorescence, separated Mehriz population from the other studied populations. Similarly, the length and width of upper leaves and the number of pappus, separated Abadeh-Tashk population from the other studied populations.
The length of gemma and the width of peduncle in synflorescence, separated Arsanjan population from the other studied populations, while the width of gemma and width of upper leaves separated Neyriz population from the others.
These morphological characters are quantitative in nature and may be under influence of environmental conditions. However, the PCA plot separated the studied populations from each other due to the mean difference of these quantitative characters, indicating the populations differences. This is also supported by ANOVA test performed for quantitative characters that showed significant difference among the studied populations. Moreover, as will be presented in the following paragraphs, the molecular analyses also showed genetic differences of the studied populations. Therefore, we consider these populations as different ecotypes of Helicrysum leucocephalum.
Cytology
The studied populations differed in somatic chromosome number. Abadeh-Tashk, Neyriz and Roniz populations had 2n = 54, while Arsanjan and Mehriz populations had 2n = 48 chromosome number. The size of chromosomes differed significantly among the studied populations (Fig. 3) . The longest chromosomes were observed in Roniz population. Significant difference in the size of chromosomes indicated a significant change in quantitative content of DNA in the studied populations. A significant difference was obtained for the ratio of chromosome arms that indicates the occurrence of structural changes in the karyotype (Sheidai & Alijanpoor 2011) .
Genetic diversity analysis
Genetic diversity parameters determined in the studied populations is presented in Table 2 . The highest values of effective alleles (1.429), Shannon's Information Index (0.352), and expected heterozygosity (0.239) occurred in Roniz population. The lowest value of the same parameters occurred in Abadeh-Tashk population. This latter population also had the lowest percentage of genetic polymorphism (38.30%), compared to the other studied populations. Abbreviations: Na = No. of different alleles, Ne = No. of effective alleles = 1/(p 2 + q 2 ), I = Shannon's information index = −(p Ln(p)+ q Ln(q)), He = Expected heterozygosity = 2pq, and % P = Percentage of polymorphism. Gst analysis performed by POPGENE ver. 5 (2012) showed a high discriminating power (0-60-1.00) in some of the ISSR loci. The AMOVA test performed showed significant molecular difference among the studied populations (p = 0.01). It revealed that 45% of total genetic variation occurred among these populations and 55% of total genetic variation occurred within the studied populations. Therefore, the studied populations contain a high amount of within population genetic diversity.
UPGMA and NJ trees of ISSR data differed slightly in their results (Figs. 4 and 5) . Therefore a consensus tree was obtained to show genetic affinity of the studied plant specimens (Fig. 6) .
Both UPGMA and NJ trees separated the studied plant populations in different clusters. However, the bootstrap values of these clusters were low. For example, the plant specimens studied from Mehriz population formed a separate cluster with bootstrap value of 49 in UPGMA tree and 69 in NJ tree. The same was true for the plant specimens collected from AbadehTashk population. The low bootstrap values obtained indicate high variability within the studied groups.
The consensus tree obtained is presented in Fig. 6 . It separated the plant specimens collected from Mehriz, Arsanjan and Abadeh-Tashk populations in 3 distinct clusters. However, the plant specimens collected in Neyriz and Rinoz populations were placed among each other.
PCoA and MDS plots obtained after 99 permutations produced similar results. Therefore, only MDS plot is presented and discussed here (Fig. 7) . This plot separated the plant specimens collected from the studied populations in different groups. For example, the plant specimens collected in Mehriz population differed genetically from the other studied populations and was placed in the far left corner of the plot. The plant specimens collected from Abadeh-Tashk population also occupied a distinct position in the right and bellow corner of the MDS plot.
The plant specimens collected from Arsanjan population were placed in a separate group, positioned between Mehriz and Neyriz + Roniz populations. The MDS plot also showed close genetic affinity between Neyriz and Roniz populations. The plant specimens of these two populations were inter-mixed together.
The Mantel test performed did not show significant correlation between the genetic distance and geographical distance of the studied populations. Therefore, no isolation by distance occurred among these populations. Absence of isolation by distance was also supported by the reticulogram obtained (Fig. 2) . This figure showed some degree of gene exchange among the plant specimens collected from Mehriz and Abadeh-Tashk populations.
The STRUCTURE plot obtained (Fig. 8 ) revealed a more detailed picture about genetic admixture among the studied populations. This figure showed that Mehriz, Arsanjan and Abadeh-Tashk populations differed in their allelic composition (differently colored segments). However, Neyriz and Roniz populations had almost similar allelic combinations (yellow colored segments).
A violet colored segment (allelic combination) was observed in some of the plant specimens of Arsanjan, Abadeh-Tashk, Neyriz and Roniz populations, that were not common in the other studied plants in these populations. They may have come from other Helicrysum species and populations in the near vicinity that were not studied by us. The STRUCTURE plot also revealed the occurrence of allele exchange between Mehriz and Arsanjan populations (blue colored segments in plant number 1, 2 and 14 of Mehriz population as well as the red colored segment in plant No. 16 of Arsanjan population).
The Nei's genetic identity and genetic distance ob- tained (Table 3) , showed the highest genetic identity (0.94) between Neyriz and Rinoz populations, while the lowest value of genetic identidity (0.72) was observed between Mehriz and Arsanjan populations. In general, genetic diversity analyses presented showed that Mehriz population differs genetically from the other studied populations. This population is located in Yazd province in the central part of Iran, while the other populations are from the Fars province that is located in the southern part of the country. These two provinces differ in their ecological parameters such as longitude, latitude and altitude. The AMOVA test showed significant genetic difference between populations studied in these two provinces (p = 0.01). Galbany-Casals et al. (2011) reported the occurrence of inter-populations , genetic variability and the effects of local selection on genetic differentiation in the Mediterranean Helichrysum italicum. Similalrly, Sabetta et al. (2006) investigated the genetic diversity of 27 populations of H. italicum from Corsica and Italy by AFLP (Amplified fragments length polymorphism) molecular markers and obtained a dendrogram that grouped these populations in three primary clusters without any cases of homonymy. The first cluster included the large part of clones coming from Corsica. The second cluster was divided in two sub-clusters that comprised many clones derived from Puglia and Basilicata and others that originated from Corsica and Sicily. The last cluster contained clones from Elba island, Tuscany and Liguria. Therefore, plants collected from different geographical regions showed different genetic structure. Smissen et al. (2006) investigated the genetic diversity of the endemic complex species of H. lanceolatum in New Zealand and reported a weak geographic structure. However, they observed that the populations followed isolation by distance model.
In conclusion we can state that the present study showed morphological, cytological and genetic differences among geographical populations of Helicrysum leucocephalum. However, the studied populations showed some degree of gene exchange occurred among themselves. Moreover, the results obtained indicated that: change in the chromosome number (polyploidy) and the occurrence of chromosomal structural changes along with variation in genetic (molecular) content have played rule in the population differentiation within Helicrysum leucocephalum. Morphological and genetic differentiation of these local geographical populations, indicate the presence of different ecotypes within this species.
